Abstract o-Iodoxybenzoic acid (IBX), a readily available hypervalent iodine (V) reagent, was found to be highly effective in synthesis of quinoxaline derivatives, from 1,2-diketones and ophenylenediamines at room temperature in very high yields.
Introduction
The importance of hypervalent iodine reagents in organic chemistry has been demonstrated in recent years, and they have been found to have several desirable properties: they are mild, selective, efficient and eco-friendly.
1,2 2-Iodoxybenzoic acid (IBX) has been developed as a powerful reagent for several organic transformations, and a recent surge in interest was driven by the publication of an improved method for its synthesis. 3 IBX is a powerful single-electron transfer oxidant that readily accepts a new heteroatom-based ligand, and has been applied successfully for the construction of novel heterocycles. 4 IBX oxidizes primary and secondary alcohols to the corresponding aldehydes and ketones, without any over-oxidation, in DMSO at room temperature. 5, 6 IBX has been used in the oxidation of oximes and tosyl hydrazones to the corresponding carbonyl compounds, 7 and the oxidation of saturated alcohols and carbonyl compounds. 8 It also reacted with certain unsaturated N-aryl amides to form novel heterocycles such as δ-lactams, cyclic urethanes, hydroxylamine and amino sugar building blocks. 9, 10 Other applications of IBX include the oxidation of carbonyl compounds 11 and their silyl enol ethers 12 to the corresponding α,β-unsaturated compounds, regioselective oxidation of phenols to o-quinones 13 and conversion of nitrogen-and sulfurcontaining substrates to synthetically useful intermediates.
14 Quinoxaline derivatives are a very important class of nitrogen-containing compounds and have been widely used in dyes, 15 pharmaceuticals, 16, 17 and electrical/photochemical materials. [26] [27] [28] By far, the most common method relies on the condensation of an aryl 1,2-diamine with a 1,2-dicarbonyl compound in refluxing ethanol or acetic acid for 2-12h giving 34-85% yields. 29 2,3-Disubstituted quinoxalines have also been prepared by Suzuki-Miyaura coupling reaction, 30 condensation of o-phenylenediamines and 1,2-dicarbonyl compounds in MeOH/AcOH under microwave irradiation 31 , and iodine catalyzed cyclocondensation of 1,2-dicarbonyl compounds and substituted o-phenylene diamines in DMSO 32 and CH 3 CN. 33 As a part of our ongoing interest in synthesis of heterocyclic compounds containing nitrogen, 34 we disclose herein our results for the synthesis of quinoxalines using catalytic amounts of IBX in acetic acid at room temperature (Scheme 1). 
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Results and Discussion
Very recently we have developed a convenient and efficient procedure for synthesis of quinoxaline derivatives using cupric sulfate pentahydrate as catalyst. 35 In this article we report the synthesis of quinoxaline derivatives in the presence of IBX. Compounds 3a-3i were obtained by the condensation of o-phenylenediamines with 1,2-dicarbonyl compounds in the presence of IBX in acetic acid. The reaction proceeds very cleanly at room temperature in a one-pot procedure and free of side products. In the absence of the catalyst, the reaction did not complete even after 24 h. Although the role of IBX is not clearly known, we suggest that it can activate the carbonyl compound and facilitate attack of the amino group to carbonyl compound. The results are shown in Table 1 . The optimum yields of the products are obtained when 1 mol% of IBX is used. Among solvents used such as CHCl 3 , CH 3 CN, H 2 O and AcOH for this reaction, the later was found to be the most efficient in terms of reaction times and product yields. This choice of solvent can also be justified by our suggested mechanism. (a) All products were well characterized using 1 H and IR spectra.
Table1. Synthesis of quinoxaline derivatives catalyzed by IBX
(b) Yields refer to isolated ure products.
Although water is a desirable solvent for chemical reactions for reasons of cost, safety and environmental concerns, use of water in this reaction gave only moderate yields of products (30% after 24h). o-Phenylenediamines and 1,2-dicarbonyl compounds with electron-donating or electron-withdrawing groups were used. As indicated in the Table 1 
Conclusions
In summary, we have developed the use of IBX as an inexpensive, easy to handle, non-corrosive and environmentally benign catalyst for the synthesis of quinoxalines from aromatic o-diamines and 1,2-dicarbonyl compounds. The advantages of the present procedure are simplicity of operation, very short reaction times compared with other procedures for the preparation of quinoxaline derivatives, and the high yields of products. In this reaction the catalyst can be recovered by filtration.
Experimental Section
General Procedures. The IBX employed for the reactions was prepared by the reported procedure. 27 (CAUTION! IBX has been reported to explode on heating.) Melting points were measured by using the capillary tube method with an electro thermal 9200 apparatus. 1 H NMR spectra were recorded on a Bruker AQS AVANCE-300 MHz spectrometer using TMS as an internal standard (CDCl 3 solution). IR spectra were recorded from KBr disk using a FT-IR Bruker Tensor 27 instrument. All products were well characterized by comparison with authentic samples by TLC, spectral and physical data.
32,33
Preparation of quinoxalines. General procedure. A solution of aromatic o-diamine (1mmol) and a 1,2-dicarbonyl compound (1mmol) in acetic acid (2mL) was stirred at room temperature in the presence of catalytic amount of IBX (1mol%, 0.028g). The progress of the reaction was monitored by TLC. After completion of the reaction, the catalyst was filtered off. The filtrate was successively diluted with 5% NaHCO 3 (5mL) and extracted with diethyl ether (2×5mL). The combined organic layers were then washed with brine (2×5mL), and dried over MgSO 4 . The solvent was evaporated under reduced pressure and the pure product was obtained without any further purification. The results are shown in Table 1 .
Physical and spectral data of the products 2,3-Diphenylquinoxaline (3a). 
